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Conventional ultrasonic C-scan images are generated from information 
acquired within "gates" placed at specific temporal locations on low-pass 
filtered and rectified versions of A-scans. Placing the gates at temporal 
locations which correspond with interfaces allows the integrity of the 
interfaces to be examined. However, if the interfaces are closely spaced, 
as is the case for quasi-isotropic graphite/epoxy composites, the informa-
tion from upper layers is blurred into the layers below because of the 
finite time duration of the ultrasonic pulse. This creates a low signal-to-
background-level ratio, which causes blurring at and below the first 
interface. 
The blurring effects can be reduced by acqulrlng data from the rf 
waveform. The C-scan images which are generated from rf signals that are 
gated at the interface locations are less affected by depth-wise blurring 
than are the C-scan images generated from low-pass filtered and rectified 
signals [1J. The finite time duration of the ultrasonic pulse, however, 
still results in the overlapping of echoes from delaminations at adjacent 
interfaces and between the entry surface echo and echoes from delaminations 
at near-entry-surface interfaces. This overlapping of echoes results in 
some blurring and imprecision in the definitions of the boundaries of 
delaminated regions in impact damaged, quasi-isotropic graphite/epoxy 
composites. 
The use of the Wiener filter to deconvolve the overlapping echoes sup-
presses some of the "ringing" in the ultrasonic pulse. Collecting data from 
gates placed at the appropriate locations along the deconvolved signals 
should increase the signal-to-background-level ratio, and should allow a 
more precise definition of the boundaries of the marginal damage at specific 
ply interfaces. 
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WIENER FILTER DECONVOLUTION 
The deconvolution technique utilized for this work is known as con-
strained deconvolution or Wiener filtering [2-4]. It assumes that the 
measured signal from the reflector, yet), is a convolution of the overall 
system response, h(t), and the flaw response, set), or 
yet) = h(t) * set) (1) 
where h(t) is obtained by recording a reference waveform from a planar 
reflector. The measured signals, yet) and h(t), are transformed into the 
frequency domain and the flaw speOtral response is calculated from 
* Sew) a Y(w)H (w) (2) 
IH(w) 12 + K2 
* where H (w) is the complex conjugate of H(w) and K is a constant. Noise in 
Sew) is minimized when H(w) is zero or very small by setting K to a pre-
determined percentage of the maximum amplitude of H(w). In addition, high-
pass filtering and low-frequency smoothing are also performed to minimize 
thesidelobes generated by the rectangular windowing created by setting the 
response to zero. 
SAMPLE 
The sample used in this stUdy is a 32-ply thick, quasi-isotropic 
graphite/epoxy composite. Prior to ultrasonic inspection, it had been 
intentionally damaged by a 5.4 joule impact from a 12.7 mm diameter stain-
less steel ball on a pendulum impacter. 
DATA COLLECTION 
A computer controlled ultrasonic immersion scanning system was used to 
collect 512 point, 8-bit, rf A-scans at each of 6400 discrete points in a 
40.6 mm by 40.6 mm square area surrounding the impact damage site. The 
spatial separation between data collection pOints was 0.51 mm in both planar 
directions. All 6400 A-scan lines were stored in the computer memory for 
later processing. A 5 MHz center frequency, 12.7 mm diameter, 76.2 mm focal 
length transducer was used for all data collection. Excitation for the 
transducer was a broadband spike pulse. A reference waveform (rf echo from 
the front surface of a flat plexiglas plate) was collected and stored for 
use during the deconvolution process. The reference echo and its Fourier 
amplitude spectra are shown in Fig. 1. 
C-SCAN IMAGE GENERATION 
Gated A-Scan Method 
This technique is analogous to gating the raw rf waveform during scan-
ning, except that in the present case the rf waveforms had already been 
digitized and stored in the computer. Peak signal levels were collected 
and stored from 40 nanosecond-wide regions of the waveform (see Fig. 2a) 
which corresponded with the locations of the interfaces between plies. The 
C-scan image generated from that data provided information concerning the 
structural integrity of the interfaces. 
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Fig. 1. Reference waveform: (a) rf A-scan; (b) Fourier amplitude spectra 
of rf A-scan in "a". 
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Fig. 2. Gating for C-scan image generations: (a) rf A-scan; 
(b) deconvolved A-scan. 
Deconvolution Method 
All 6400 of the rf A-scans were deconvolved using a Wiener filter of 
the form given in Eq. (2). The amplitude cut-off was set at 0.05% because 
of the very low noise level of the rf A-scans. EXamination of the Fourier 
amplitude spectra of the reference waveform (Fig. 1b) led to the choice of 
12 MHz for the high frequency cut-off and 1 MHz for the low-frequency and 
interpolation cut-off. Phase reversal of the echoes from the delaminated 
interfaces yielded a negative-going spike in the deconvolved waveform at 
the echo return locations. Thus the minimum values of the portions of the 
deconvolved waveforms which fell within appropriately placed 40 nanoseoond-
wide gates (see Fig. 2b) were collected from each of the 6400 waveforms and 
stored in the computer. A C-scan image of the interface between the second 
and third plies was then generated from the data [5]. 
RESULTS 
C-scan images of the interface between the second and third plies 
(measured from the entry surface) are shown in Fig. 3. The image in Fig. 3a 
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was generated directly from the rf A-scans while the image in Fig. 3b was 
generated from the deconvolved waveforms. The delamination at the interface 
between plies two and three is the dark (black) somewhat peanut-shaped ob-
ject lying along a diagonal Which, if extrapolated would extend from the 
upper left corner to the lower right corner of each C-scan image. The 
lighter regions on either side of the second-to-third ply interface delami-
nation are "precursors" of the delaminations at the interface between the 
third and fourth plies. These "precursors" are more evident in the C-scan 
image generated directly from the rf A-scans and are a result of the 
"ringing" of the transducer. This "ringing" is partially removed by the 
deconvolution process. 
Plots of the individual pixel values along selected horizontal lines in 
the C-scan images are also shown in Fig. 3a and Fig. 3b. The major advan-
tages which result from the deconvolution process are evident from these 
plots. First, the general signal-to-background level is higher for the C-
scan image which was generated from the deconvolved waveforms than is the 
signal-to-background level for the C-scan image which was generated from the 
rf A-scans. In these cases the "signal" is defined as the pixel amplitudes 
in the delaminated region and the "background" is defined as the pixel 
amplitudes everywhere else. The higher signal-to-background level greatly 
improves the ability to precisely define the boundaries of the damaged 
regions at the interrogated interface. Second, the general "noise" level 
which is superimposed on the "signal" and "background" regions is signifi-
cantly higher in the C-scan image which was generated directly from the rf 
A-scans. This can be seen in the pixel amplitude plots in Fig. 3a and Fig. 
3b and also in the Fourier amplitude spectra in Fig. 4. The Fourier ampli-
tude spectra are from line number ten (a "background" region) of the C-scan 
images in Fig. 3. The Fourier amplitude spectra of line 10 of the C-scan 
data generated from the rf A-scans has more energy in the high spatial fre-
quency region than does the spectra of line 10 of the C-scan data generated 
from the deconvolved waveforms. The lower noise level allows for a more 
precise definition of the delaminated regions and for better visual defini-
tion of other features such as the fiber tows. 
The raw rf waveforms and the deconvolved waveforms for two locations 
(one "signal" and one "background") on line 35 of the C-scan images are 
shown in Fig. 5. The locations of the "gates" are superimposed on each of 
the waveforms. The dynamic range of the portion of the deconvolved waveform 
which lies within the gated region is greater than the dynamic range of the 
portion of the rf waveform which lies within the gated region. It is this 
difference in dynamic ranges which results in the difference in signal-to-
background levels in the two types of C-scan images. 
CONCLUSIONS 
Deconvolution removes some of the "ringing" in bandwidth-limited 
ultrasonic pulses. This decreased "ringing" in the deconvolved waveforms 
leads to a greater dynamic range between the "signal" regions and the 
"background" regions of C-scan images generated from these deconvolved 
waveforms than for C-scan images generated directly from the rf waveforms. 
The deconvolution process also performs some smoothing which results in less 
"noise" being superimposed on the "signal" and "background" regions of the 
C-scan images generated from the deconvolved waveforms. The greater dynamic 
range and the noise suppression which result from the deconvolution process 
allow more precise visual and machine definition of the boundaries of 
damaged regions in impacted graphite/epoxy composites. 
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Fig . 4. Fourier amplitude spectra of line 10 from C-scans in Fig. 3: 
(a) from image in Fig. 3a; (b) from image in Fig. 3b. 
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Fig. 5. A-scans at two locations on line 35 of C- scan images in Fig. 3: 
(a) rf A-scan in background region; (b) rf A-scan in signal 
(delaminated) region; (c) deconvolution of rf A-scan in "a"; 
(d) deconvolution of rf A-scan in "b". 
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